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Typical front-end channel
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• high reliability
• ease of use
• spectroscopic quality
• data concentration optimization



Input MOSFET optimization
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Input MOSFET optimization



Continuous reset of the preamplifier

charge preamplifier

VgrL/W>>1, strong inversion, saturation
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• current gain equal to N
• fully linear
• self-adapts to leakage current
• minimum noise contribution

1st stage of shaper
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Continuous reset of the preamplifier
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τP ≈ 1µs
Gain ≈ 200mV/fC
Cload ≈ 200pF
Cp+Ci ≈ 1.5pF
Ip ≈ 1nA
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linearity output vs pixel leakage current



First generation of front-end ASICs
other features

• plug & play

• per-channel test capacitor

• programmable gain

• programmable peaking time

• high output drive capability

• high stability vs temperature
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Q ≈ 12fC
Gain ≈ 200mV/fC
T ≈ -30°C to +50°C
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Generation of front-end ASICs for CZT

Technology : 0.5µm CMOS SP3M



CZT – ASIC spectra measurements
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CZT – ASIC applications

Solstice Gamma camera eZ-SCOPE hand held Gamma camera

• 96 CZT crystals
• 3072 pixels
• 192 front-end ASICs
• 1.3M events/second
• average FWHM 3.8% at 122keV

• 1 CZT crystal
• 256 pixels
• 16 front-end ASICs
• 4.8M events/second
• average FWHM 4.0% at 122keV



CZT – ASIC applications

Bone Densitometry – GE Lunar Detector

• 16 CZT crystals
• 16 pixels 3 x 7 x 3 mm3

• 2 front-end ASICs
• DEXA (Dual Energy X-ray Absorptiometry)

• ASICs replaced 17 circuit boards (over 500 components) and improved performances



Typical fluorescence EXAFS measurement geometry
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Optimum pixellation

• charge sharing (≈20µm/side) and trapping (gap/side) : empirical



quadrant
(8×12=96 pixels)

96-channel front-end
(3 × 32 channel ASICs)Peltier

20mm

Si n-type high resistivity wafer 250µm thick,
N = 384  p+ ≈1mm×1mm pixels,

gaps  10µm, 30µm, 50µm



Beam through
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Sensor – ASIC photo



Highly segmented detectors

Benefits:
• Position Resolution

– pixel pitch ~ 1/√N
• Energy Resolution:

– CDET ~ 1/N
– IDARK ~ 1/N
– Pulse Shaping time ~ 

N
• Rate capability

– pileup ~ 1/N

Benefits:
• Position Resolution

– pixel pitch ~ 1/√N
• Energy Resolution:

– CDET ~ 1/N
– IDARK ~ 1/N
– Pulse Shaping time ~ 

N
• Rate capability

– pileup ~ 1/N

N=1 N=9 N=25 N=49

Drawbacks:
• Interconnect density

– density ~ N
• Electronics channel count

– cost ~ N
– power ~ N

Drawbacks:
• Interconnect density

– density ~ N
• Electronics channel count

– cost ~ N
– power ~ N



Front-end channel overview
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≈ 5 mW≈ 3 mW

Technology CMOS 0.35µm 3.3V 2P4M



charge preamplifier shaper with BLH discriminators and DACs counters

32 channels, 3.6 × 6.3 mm2

ASIC photo



Energy resolution
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Si – ASIC spectra measurements
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temperature -35°C
rate 10kHz 
peaking time 4µs

FWHM (Mn-Kα) 205eV

electronic noise 167eV (20e-)

channels & discriminators enabled
counters disabled
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Current EXAFS detector

head - preamplifiers

rack – shapers …
≈ 100 channels, > 350 eV, < 1 MHz



New EXAFS detector

≈ 400 channels, < 300 eV, > 10MHz


